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SUMMARY OF DATA ON COCOA 


ABSTRACT . Cocoa is widely used as a casing material 
to enhance,flavor and aroma and improve overall smoking 
quality of blended cigarettes. Cocoa and cocoa products are 
approved for use in tobacco in the United Kingdom at levels up 
to 5%, and in the Federal Republic of Germany. 

Two independent mouse-skin painting studies have 
evaluated cocoa's effect when used as an ingredient upon the 
biological activity of cigarette smoke condensate. Although 
one study using two dose levels showed heightened tumorigenicity, 
the increases were statistically significant at only one 
level, and no increases were observed in the other study. 

Animal studies have indicated that the toxic effects 
of cocoa are directly related to the theobromine content of 
cocoa. Cocoa is not mutagenic in the Salmonella typhimurium 
assay with or without activation. 


Background . All forms of cocoa and chocolate are 
derived from cocoa beans, which are found in the seed pods of 
the Theobroma cacao L. tree which grows in the tropical belt 
regions. The major suppliers of cocoa are Ghana, the Ivory 
Coast, Nigeria, Cameroon, Brazil, Columbia, and Venezuela. In 
commerce, cocao refers to the tree and its natural products; 
cocoa describes the manufactured product used to make a 
beverage or powdered flavoring? and chocolate is the manufac¬ 
tured product in solid form (Heath, 1981). 

Chemical changes which occur during fermentation, 
drying, roasting, and conching of the cocao beans eliminate 
most of the harsh volatiles, tannins, and other organic 
substances to producedry, brittle beans which are easily 


Source: https://www.industrydocuments.ucsf.edu/docs/fmvkOOOO 


2029062193 





2 


ground. Cocao beans consist of an outer shell and an inner 
kernel called the nib. Following roasting, the cocoa beans 
are cracked open and the shells removed. The nibs are milled, 
releasing the dark, aromatic "chocolate liquor", which is the 
basic starting material used to manufacture all other cocoa 
products. Chocolate liquor can be cooled and solidified into 
cakes and sold as bakers chocolate. Heated chocolate liquor is 
subjected to very high pressure in hydraulic presses which 
separates cocoa- butter from the other cocoa solids. The 
remaining solid material is finely pulverized into cocoa 
powder. "Dutched" cocoa powders are treated with alkali to 
produce distinctive colors and flavors. Cocoa not treated 
with alkali is known as cocoa, natural cocoa, or American- 
processed cocoa. 

Cocoa powder is made up primarily of crude protein, 
amino acids, tannin-like polyhydroxyphenols, starch, sugars, 

cocoa butter fat, miscellaneous cell wall constituents, and 

r& 

small amounts of three methylxanthines - theobromine (1.9%), 
theophylline (0.001%), and caffeine (0.25%) (Tarka 1982). 

Cocoa butter is composed almost entirely of fatty acid 
triglycerides. 


<r 


Tobacco Uses . Various forms of cocoa are used as 
casing materials to enhance flavor and aroma and improve 
overall smoking quality in many brands of American blended 
cigarettes. Cocoa is useful for this purpose because the 
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majority, of the volatile constituents of cocoa are also found 
in tobacco or tobacco smoke (Harllee, 1979). Cocoa butter 
smooths and enhances tobacco flavor by the entrapment of 
tobacco flavor volatiles in the cocoa butter aerosol droplets 
which are found in mainstream smoke (Harllee, 1979). The 
tobacco industry currently uses chocolate liquor and cocoa 
casing materials with various fat content. Cocoa shells are 
also widely used as economical casing materials. 

Regulatory Status . The Food and Drug Administration 
has established specifications for a wide variety of standard- 
ized cocao products. 21 C.F.R. S 163. ' Cocoa is regulated as 
a food and therefore is not covered under the FDA GRAS review 
program for food additives, and has not been evaluated by the 
Select Committee on GRAS Substances (SCOGS). 

The Codex Alimentarius Commission of the United 
Nations Food and Agricultural Organization has produced draft 
standards for cacao products. These standards are now under 
consideration by member countries. 

Cocoa, including cocoa extracts and cocoa butter, 
has been approved for use in cigarettes in Great Britain by 
the Independent Scientific Committee on Smoking and Health at 
concentrations up to 5%. Cocoa and cocoa products are also 
authorized for use in cigarettes in the Federal Republic of 
Germany. 
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. Pyrolysis Toxicology Studies . In 1977 the Tobacco 
Working Group (TWG) of the National Cancer Institute (NCI) 
reported the results of a mouse skin painting study using 
condensate from cigarettes that contained 1% cocoa powder. 

ICR Swiss female mice (100 per group) were painted once daily, 
six days a week, with a condensate solution containing 12.5 mg 
(low dose group) or 25 mg (high dose group) of dry smoke 
condensate, or with positive or negative control solutions. 

The duration of the study was 18 months. All mice dying 
during the study or sacrificed at termination were necropsied. 
The tissues of mice visually observed to have tumors or 
suspected of having tumors at necropsy were histopathologically 
examined, and statistical analyses were based on verified 
tumors. The NCI studies showed a higher incidence of tumors 
in mice painted with condensate made from cigarettes contain¬ 
ing cocoa at both the low and high dose levels. The report 
concluded that "[p]owdered cocoa appears to increase the 
tumorigenicity of the smoke at all dose levels." (NCI, 1977) 

The increase in tumorigenicity in the NCI study was 
statistically significant only at the high dose level. At the 
low dose level, there was no statistically significant dif¬ 
ference between the experimental condensates and the controls. 

Because of this ambiguity, a second study was 
undertaken to clarify the results of the NCI-TWG study. Smoke 
condensate from cigarettes containing 0, 1%, or 3% cocoa 
powder were applied for 75 weeks to CD-I female mice. Mice 
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were painted once daily, five days a week, with condensate 
solution containing 12, 18, or 25 mg dry smoke condensate. 

All mice dying during the study or sacrificed at termination 
were necropsied. The tissues of mice visually observed to 
have tumors at necropsy were histopathologically examined, and 
statistical analyses were based on the verified tumors. The 
results of the study showed no enhancement of mouse skin 
tumorigenicity of smoke condensate as a result of the addition 
of cocoa. The authors suggest that the previous finding of 
the TWG-NCI study was probably a result that occurred by . 

chance ('INBIFO, .1982) . 

Pyrolysis Chemistry Studies . Cocoa powder contains 
more than 300 volatile compounds, many of which are produced 
during the roasting process. Many of those compounds also 
occur in smoke from cigarettes to which cocoa has not been 
added (Harllee and Leffingwell, 1979). 

Cocoa powder was pyrolyzed in a nitrogen atmosphere 
at temperatures from 370 to 750 ° C and the pyrolysates were 
analyzed. Cocoa powder produced palmitic and stearic acids on 
pyrolysis, particularly at 350 and 450 ° C, probably arising 
from thermal degradation of cocoa butter triglycerides. The 
author concluded that phenols derived from pyrolysis of cocoa 
powder should not significantly enhance the phenol content of 
tobacco smoke, although the fatty acid composition of smoke mic 
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be affected by triglyceride breakdown products (Schlotzhauer, 
1978) . 

The addition of cocoa to cigarettes, over a wide 

range of concentrations, does not appreciably affect the 

chemical composition of smoke. Tests on cigarettes cased with 

r® < 

a variety of materials showed that', as the cocoa content of 
the casing mixture increased from 1.5 to 7.5 g/100 g of 
tobacco, the tar content per cigarette increased from 19.2 mg 
to 19.7 rag; the benzo[a]pyrene from 10.3 nanograms to 11.6 
nanograms; phenol from 45 micrograms to 48 micrograms; ammonia 
from 36 micrograras to 49.5 raicrograms; and benzo[a]pyrene/TPM 
from 0.43 nanograms/mg to 0.48 nanograms/mg. Other components 
of smoke that were measured either decreased, remained the 
same, or were variable. 

In another study, cocoa bean hulls were formed into 
thin sheets that were made into cigarettes. Levels of pyrene, 
fluoranthene, benzo[b]fluroanthene, and benzo[a]pyrene in 
smoke condensate from these cocoa "cigarettes" were not as 
high as the maximum levels of these compounds in tobacco 
cigarettes as determined in a previous published study by 
Hoffmann (Hoffmann, 1976). 


Acute and Chronic Toxicity . A comprehensive review 
of the toxicology of cocoa and its methylxanthine components 
was published by Tarka in 1982. Theobromine is the predominant 


methylxanthine in cocoa and chocolate products, while small 
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amounts of caffeine and ^theophylline are also present (Goodman 
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and Gilman, 1980). Tarka reviewed several experimental 
feeding studies in dogs, weanling pigs, poultry, horses, and 
rats. The toxic effects seen in animals following the inges¬ 
tion of high levels of cocoa and chocolate waste products 
appear to be directly related to the theobromine content of 

these materials (Tarka, 198 2 ). 

J^) -^07 

In two'recent studies, Tarka evaluated the perinatal, 

postnatal, and teratogenic effects of cocoa powder and theo¬ 
bromine in rats and rabbits. He concluded that cocoa powder 
at levels up to 7.5% and theobromine at levels up to 0.1875% 
are not teratogenic or embryotoxic in rabbits. Further, fetal 
skeletal variations noted at the higher dose levels are 
probably related to maternal toxicity in rabbits (Tarka, 

1986). In rats, the ingestion of cocoa powder at levels up to 
5% of the diet was not embryotoxic or teratogenic. The 
ingestion of theobromine at up to approximately 97 mg /kg/day 
(0.135% of the diet) was not embryotoxic or teratogenic in 
rats (Tarka, 1986 ) . 

In humans, Czok noted that the side effects of 
long-term ingestion of large amounts of cocoa products (100 g 
cocoa powder daily) were sweating, trembling, and severe 
headaches (Czok, 1974). 


(^) Mutagenicity . Cocoa did not show mutagenic effects 
at concentrations of 5.0, 2.5, 1, and 0.5% in the Salmonella 
typhimurium TA1535, TA100, TA1537, TA1538 and TA98 with and 
without activation (Renner and Munzner, 1982). To further 
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evaluate the genotoxic potential of cocoa, unroasted and 
roasted cocoa powder dispersed in water was administered to 
Chinese hamsters by stomach tube at concentrations equivalent 
to 5 g/kg. An increased number of sister-chromatid exchanges 
(SCE) in bone marrow cells was observed. Cocoa administered 
in the diet had no effect on bone marrow SCE. Cocoa butter 
had no effect on SCE, nor did cocoa from which theobromine was 
extracted (Renner and Munzner, 1982). Theobromine alone was 
not genotoxic in mice in a dominant lethal test at a dose of 
380 mg/kg (Epstein and Schafner, 1968). 

The mutagenicity of particulate matter from ciga¬ 
rettes containing casing materials, including cocoa, was 
evaluated in an Ames mutagenicity test using Salmonella 
typhimurium TA 1538 and TA 98. Particulate matter from 
cigarettes made with casing materials was slightly less 
mutagenic than particulate matter from cigarettes without 
casing materials. 
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